calculations.
In all cases the ordering of the MO' s by the EI-IT'
calculations was consistent with spectral intensities, and there was reasonable agreement between the experimental IP's and the calculated orbital energies.
-4-EXPERIMENTAL 6 7 8 9
Silane , SiH 3 CH 3 , SiH 3 Cl , and SiF 4 were prepared using standard methods and purified by vacuum distillation. Practical grade Si(CH 3 ) 4
was obtained from Matheson, Coleman, and Bell Co. Infrared spectra were taken ·of all the compounds and compared with literature.spectra to insure . 10 purity.
XPS spectra were taken on the Berkeley iron-free double-focussing 11 magnetic photoelectron spectrometer.
Sample pre~sure in the irradiation chamber was approximately 70 ~. Magnesium Ka X-rays (1253.6 eV) were used to obtain the spectra of SiH 4 , SiH 3 Cl, and SiF 4 . Aluminum Ka X-rays (1486.6 eV) were used to obtain the spectra of SiH 3 cH 3 and Si(CH) 4 because the Ka 3 , 4 satellite radiation from aluminum interfered less with the spectra of these molecules than did that from·magnesium. Binding energies in·this work represent vertical Franck-Condon transitions and were standardized against the neon 2s binding energy (48.42 eV). During referencing, both neon and the sample gas were present in the irradiation chamber.
CALCULATIONS
The spectra were deconvoluted to obtain band positions and intensities by least-squares fitting of data to analytical lineshapes. Lorentzian or Gaussian lineshapes are normally used to fit XPS data. 2 We have found that
Lorentzian lineshapes give better fits for spectra taken with magnesium Ka X-rays, while Gaussian lineshapes give better fits when aluminum Ka X-rays are used. This observed behavior may orginat~ in the greater energy Overlap integrals were calculated from Slater-type orbitals using exponents arid principal quantum numbers proposed by Cusachs and Corrington. 13 The valence basis set included silicon 3d orbitals as parameterized by . 14 Corrington.
Partial gross populations for usc in intensity analysis were calculated by Mulliken analysis. 15 Molecular geometries from the literature 16 were used in the calculations.
A semi-empirical intensity analysis has been developed for XPS valence 4 spectra.
The cross section for absorption of an X-ray in the one-electron and dipole approximations is 17
where ~j is the LCAO-MO from which the photoelectron is ionized and ~EK is the photoelectron wave function. 
RESULTS
Silane. The spectrum of SiH 4 , shown in Figure T , consists of two well-separated bands. In the valence electron nomenclature which we shall 2 6 . · * use in this paper, these are the (la 1 ) and (lt 2 ) MO's. The valence IP's, relative intensities of the bands, and the EHT results are listed in Table 1 .
Although the EHT orbital energies are about 1.6eV higher than the experimental IP's (because Koopmans' theorem neglects electronic relaxation), the energy difference between the two HO's is close to the experimental value. An extended basis set ab init~:!~ calculation for SiH 4 has been made by * These MO's correspond to the 3a
s -rom an ab initio calculation. p is quite small, the least intense peak should correspond to the le MO's.
The 2e and 3a 1 MO's both have considerable Si3p character. However, the bond from the doubly degenerate 2e MO's would be more intense than that from the non-degenerate 3a 1 MO. Thus, intensity data confirm the orbital ordering given by the ab initio and EHT calculations.
Tetramethylsilane. There are sixteen filled valence MO's in Si(CH 3 ) 4 .
The EHT calculation yields the assignment with binding energies ranging from 12 to 24 eV. Because of the close spacing of the levels, the spectrum, shown in Figure 3 , was obtained using was deconvoluted into five peaks, and is illustrated in Figure 4 . The experimental and calculated data appear in The EHT calculation may be interpreted as distributing the p-like chlorine lone pair orbitals among the 2e and 3a 1 MO's. Also, results from the calculation are consistent with pure p silicon-chlorine bot1ding and s, P hybridi~ed silicon-hydrogen bonding. given by the EHT calculation is essentially just the Cl3s AO, the predicted binding energy for this MO might also be expected to be high. * Error in last significant figure appears parenthetically.
'' 
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